浑河干流和大伙房水库沉积物中铊污染及其潜在生态风险 by 苏姣 et al.
第 44 卷 第 5 期  Vol.44, No.5, 421‒426 
2015 年 9 月 GEOCHIMICA Sept., 2015 
 
 
收稿日期(Received): 2015-01-22; 改回日期(Revised): 2015-03-16; 接受日期(Accepted): 2015-03-25 
基金项目: ?????????(2009ZX07528-002-04) 
作者简介: ??(1989–), ?, ?????, ?????????????????????E-mail: sujiao@gig.ac.cn 
* 通讯作者(Corresponding author): ZENG Xiang-ying, E-mail: zengxy@gig.ac.cn; Tel: +86-20-85292033 
SU Jiao et al.: Occurrence, distribution and risk assessment of thallium in sediments from the Hun River and Dahuofang reservoir 
 
????????????????? 
???????? 
苏 姣 1,2, 曾祥英 1*, 王 晨 1,2, 刘志阳 1,2, 于志强 1, 
秦延文 3, 郑丙辉 3, 傅家谟 1 
(1. ????? ?????????, ?????????????, ?? ?? 510640; 2. ???????, ?? 100049;   
3. ????????? ??????????????????, ?? 100012) 
摘  要: ??????????(Tl)????, ?????(???????????)?????????
???, ???????? 59?, ?????????? Tl?????????, ???????????
????????????????????, ???????????????????? Tl ????, 
??????????????? 
关键词: ?; ??????; ?????????; ?????; ?? 
中图分类号: P595     文献标识码: A     文章编号: 0379-1726(2015)05-0421-06 
Occurrence, distribution and risk assessment of thallium in sediments 
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Abstract: For preliminary investigation of the levels of thallium (Tl) pollution in the Hunhe Basin, North China, 
59 sediments samples were collected from the Hun River and its main tributaries (the Pu River and the Xi River), 
as well as the Dahuofang Reservoir, and then the occurrence and distribution of Tl in these sediments samples 
were analyzed. The potential ecological risks of Tl were calculated and assessed using Index of geoaccumulation 
(Igeo) as well as Lars Hakanson method based on the Tl data obtained in this study. The results indicate that the 
surface sediments in Hun River and Pu River generally show certain degree of Tl contamination, with some 
samples showing high ecological risks. 
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0 ? ? 
????????????????????
?, ????, ???????????????, 
??????????????????, ???
??????????? Cd?Cr?Cu?Pb?Zn?
As?? Hg??????????, ?????(Tl)
????????, ????????? Tl???
? Pb?Cd?As?? Hg???, ????????
??, ?????????????????, ?
????????????, ??????, ??
 422  2015 年 
 
 
Geochimica ▌ Vol. 44 ▌ No. 5 ▌ pp. 421‒426 ▌ Sept., 2015 
?????Tl???????, ????2011???
? Tl????????????“???”???[1–3]?
??, ????????????????? Tl ?
?????, ???? Tl ???????????
?????????????????[2–7]????
?????????, ????????????
?, ???????????? Tl ????, ??
????[8]; ????[4–5]??????[6]????, 
Tl??????????????, ??? Cd? 
????????????, ???????
?????????(???????)?????
???????????, ??????????
??????????????????(? Cu?
Pb?Zn?Cd ? Cr ?)?????, ?? Cd ???
???, ?????????[9–10]???, ????
????????????????? Tl????
?, ???? Tl ??????, ????????
?????????? Tl????, ??????
??????????????????????
? Tl????????????????????
??????????????, ???????
??????????????, ???????
????????????????? 
1 ????? 
1.1 ????? 
2010 ? 7 ?, ??????????????
??????????????, ???????
??(????????)????????????
???(?????????)????????(?
????)?? 49 ?????, ????????
59????, ???????????? 13?; ?
???? 3 ?????????????????
???? 1 ?????, ???????????
??? 14 ?, ??????? 1 ????, ???
??????? 28?; ????????????
???? 13 ?; ?????????????? 2
?? 3?????????? 1??? 
1.2 ????????????? 
?????????????, ????–20 ℃
?????????????????, ????
???????????? 
????????????????????
????????????(100?)???????
??HNO3-HF-HNO3???, ? 3% HNO3????, 
??? Ru???, ? Elan 6000????????
?????? Tl??, Tl???? 0.001 μg/L??
?????????????????? ; ?? , 
??????????????????????
???? (GBW07129?GBW07103?GBW07104?
GBW07105), ?????????? 90%~110%?
?, ????????? 5?, RSD<5%? 
1.3 ???? 
??, ?????????????????, 
??????????????????????
?????????????(Igeo)[11]??????
??(Er)[12]?????????????, ????
??????????, ???????????
?????????????(?? 1)?????
???(?? 2)?????????????? Tl
??????????????? 
Igeo = log2[Cn/(K?Bn)]                    (1) 
Er = Tr?Cn/Bn                            (2) 
?(1)??(2)?, Cn????????? Tl??
??, Bn? Tl????????; ?(1)? K???
??????????????????????
?, ????? 1.5; ?(2)? Tr???? Tl ???
?????????????, Tl????????
(Bn)??????? , ????????????
????????????? Tl????????
???????, ??????????????
???????? Tl ??????? (0.65 
mg/kg)[13]? 
2 ????? 
2.1 ????????? 
? 1???????????????????
???????????????????? Tl?
????????? 
2.1.1 含量水平 
???????, ???????? Tl???
???, ? 0.16~0.82 mg/kg(?? 0.56 mg/kg)??? 
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? 1 ????????????????????? 
Fig.1 Sampling sites in the Hun River and Dahuofang Reservoir 
 
表 1 浑河干流和大伙房水库沉积物中 Tl 含量及风险等级 
Table 1 Concentrations of Tl in sediments from the Hun River and Dahuofang Reservoir and related potential ecological risks 
??? Tl??????(??)(mg/kg) Tl????(mg/kg) Igeo Er ??? 
???????? 0.47±0.15 (0.22~0.82) 0.45 –2.15 ~ –0.25 13.54~50.46 H11 
???????? 0.48±0.14 (0.16~0.68) 0.46 –2.61 ~ –0.52 9.85~41.85 H16 
????? 0.66±0.13 (0.16~0.74) 0.70 –2.61 ~ –0.40 9.85~45.54 D12 
?? 0.70±0.16 (0.59~0.81) 0.70 –0.72 ~ –0.27 36.31~49.85 P1 
?? 0.38±0.17 (0.27~0.58) 0.29 –1.85 ~ –0.75 16.62~35.69 X1 
 
??????????, ????????? Tl ??
????????, ????????????, ??
?????????????????[4–6,8]?????
??????????????????????, ?
???????????? Tl (0.92~2.32 mg/kg)[8]; ?
? , ????????????? Tl ??
(0.12~2.09 mg/kg)[4–5]????????, ????
???? Tl ?????? Munsterland ??
(0.01~0.10 mg/kg)? Sauerland??(0.01~0.07 mg/kg)
?????? Tl???[14–15]? 
2.1.2 空间分布特征及潜在污染来源 
?? 1 ?????, ?????????? Tl
????? 0.22~0.82 mg/kg(?? 0.47 mg/kg), ??
???????? Tl ????? 0.16~0.68 mg/kg 
(?? 0.48 mg/kg), ?????????? 0.16~ 
0.74 mg/kg(?? 0.66 mg/kg)? 
????, ???????????? Tl??
???????????????? Tl?????
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?, ????????????, ?????? Tl
???????????, ??????, ????
????? H11 ??? Tl ??(0.82 mg/kg)???
????? , ??????????????? , 
???????????(? Cu?Pb?Zn? Cd?)
????????[16], ????????????
???????????????; H12 ????
???????, ????, ?????????
????????? , ????? Tl ?? (0.22 
mg/kg)???????????????????, 
H16 ? H17 ???? Tl ????? 0.68 ? 0.64 
mg/kg, ??????????????????
??????????????????, ????
???????????????, ??????, ?
????????????? Tl ?????????
?????????? Tl??, ? D2 (0.38 mg/kg)?
D9 (0.16 mg/kg)?D17 (0.47 mg/kg), ????? Tl
?????????, ?????????? Tl ?
??????????????????????, 
?????????, P1???? Tl? 0.81 mg/kg, 
??????? Tl??????????????
??????????????????, X1??
?Cd?Ni? Pb?????????????[16], ?
?????? Tl???????? 
2.2 ?????? 
2.2.1 地质积累指数 
?? Igeo ????????????, ???
??????????, ???????????
???????????, ??????????/
??? Tl??????[16]???, ???????
????????????? pH??????, ?
??????/???? Tl?????????[13]?
?????, ????????????????
Tl????????, ???????? 1 ???
?????????????, ????? Tl ?
Igeo ??? 1??????????[4], ?????
??? Tl????????? 
2.2.2 潜在生态风险指数法 
1980 ????? Håkanson[12]???????
??????????????????????
?, ??????????????, ?????
???????????????, ??????
?????????????????, ????
??????????????????????
?????????????? Tl???????, 
Tl?????????? 40[8]?????????
??????????????????????
Tl ??????????(Er)??? 13.54~50.46?
9.85~41.85?9.85~45.54?36.31~49.85? 16.62~35.69? 
??, ?????????????????
??????[8,17]???????????????
???????????????????, ??
??????????????????????
?????????????, ????????
????? [17]??????????????? , 
??????? 5 ??????? Tl ??(Er<25), 
H11(Er? 50.46)??? Tl??(50≤Er <100), ?? 7
??????? Tl??(25≤Er<50)???????
3 ??????? Tl ??, ??????????
??; ????? 28 ?????, ? 2 ?????
?????(D2? D9), ????????????
?????????, ? Tl??????????
???????????, ?????????(Er
? 36.31? 49.85)? 
????????????????????
???, ???????????: Igeo ?????
??????????????? Tl??????
??; ???????????????????
??? Tl??????????????????
?????, ????????????????
??????????????????????
?????, ????????????????
???????????, ??????????
?????, ??, Zn???????? 1, Cu? Pb
? 5, Cd??????? 30? Cu? Pb? 6?, ?
Zn? 30?[5]?Tl????????, ??????
?? 40[8]??????, Igeo??????????
? Tl????????, ???????????
??, ???????????????????
???????[16], ?????????????
?????, ?? Tl?????????????
? Cd?????????, ??????????
??????????, ???? Tl ??????
???????, ???????????; ??
??????????, ???????????
?, ????????????????????
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??? 
????, ???????????????
??????????????????????
?????, ????????????????
??????????????????????, 
????????????????, ?????
??????????????????????? 
3 ? ? 
?????????????, ??????
????(? H11)Tl ?????, ???????; 
??????????????????????, 
?????? Tl ????, ???????; ??
?????????????, ???? Tl???
??, ????; ????????? Tl????, 
??????????????????????
??????????????????????, 
??????????????????????
??????????????????????
??, ???? Tl ?????????????, 
??????????; ???????????
?, ???????????, ????????
????????????? 
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